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     A pilot scale permeable reactive barrier (PRB) or treatment wall demonstration project was initiated by the US Navy EFA West at the
former Naval Air Station Moffett Field site in Mountain View, California about 3 years ago. Performance evaluations and cost-benefit analyses
were performed by the US Naval Facilities Engineering Service Center (NFESC) and were sponsored by the Department of Defense (DoD)
Environmental Security Technology Certification Program (ESTCP). The Moffett Field PRB uses a funnel-and-gate design, where the funnel
is made of interlocking steel sheet piles and the gate consists of a reactive cell filled with zero-valent granular iron.  Since its construction
in April 1996, groundwater monitoring was conducted on a quarterly basis to demonstrate the effectiveness of the barrier technology in
capturing and remediating groundwater that contained dissolved chlorinated hydrocarbon compounds. The primary contaminants of concern
at Moffett Field in the vicinity of the PRB are trichloroethene (TCE), cis-1,2 dichloroethene (cDCE), and perchloroethene (PCE) at
upgradient concentrations of about 2900 micrograms per liter (ug/L), 280 ug/L, and 26 ug/L, respectively. Quarterly monitoring events
included water level measurements, field parameter testing, and groundwater sampling at about 75 monitoring points. Two tracer tests using
bromide solutions and flow meter testing were also completed in April and August 1997 at the site.  Iron cell coring samples were collected
and analyzed in December 1997 for use as indicators of reactivity and longevity. Data from the quarterly monitoring, tracer testing, and
iron cell coring have been used to determine the overall barrier performance. Since the first sampling event in June 1996, concentrations
of all chlorinated compounds were either reduced to non-detect (ND) or to below the drinking water maximum contaminant levels (MCLs)
within the first 2-3 feet of the permeable iron cell (gate).
     The iron cell coring analyses and geochemical modeling from Moffett Field indicated that changes in the inorganic chemistry were caused
by precipitation of calcite, carbonates, iron-sulfide, and hydroxide compounds. Chemical precipitates are a concern because of the potential
loss of reactivity and permeability in the iron cell. In general, long-term performance and life expectancies at PRB sites are unknown. The
DoD ESTCP, Environmental Protection Agency, and Department of Energy are sponsoring additional performance and longevity
evaluations at multiple PRB sites across the country. This is being accomplished in partnership with the RTDF PRB Action Team in an
effort to gain widespread regulatory acceptance and remedial project manager confidence in using the reactive barrier technology.
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Appendix F 
Quality Assurance 

This section contains quality assurance data used to assess the validity of the groundwater 
sampling analyses. Results are presented for trip blanks, equipment rinsate blanks, field 
duplicate measurements (sampling precision), laboratory spike recoveries, and method blanks. 
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Table F-lb. Results of June 1996 Sampling at Moffett Field: 
Equipment Rinsate Blanks @g/L) 

U: The compound was analyzed but not detected at or above the specified reporting limit. 
(a) Equipment Rinsate after WW-3. 
(b) Equipment Rinsate after WIG1. 



Table F-lc. Results of June 1996 Field Precision @g/L) 

Compound 

1 ,l-DCA 
1.2-DCA 

WW-2 

WW-2”’ WW-2-99’b’ Mean RPD WW-11”’ WW-ll-99’b’ Mean RpD 

29 18 23.5 47% U 21 NA NA 
U U NA NA U U NA NA 

II CFC-113(” HCFC-123”’ I 1.4 1.4 1 I 3.9 3.9 1 1 2.651 2.651 94%1 94%1 2.0 1.7 [ I 1.4 1.4 1 I 1.551 1.71 35% 19% 

ww-12 w9-35 

Compound WW-12’a’ I WW-12-99’b’I Mean I WD W9-35-PER@1 WW-99-5”’ I Mean I RpD 

1 .l -DCA 15 I 14 I 14.51 7% 27 1 31 I 291 14% 

nvl Chloririe 
ethylene Chloride ul ul NAI NAI 
. . _..._.. -_ 

Carbon Tetrachloride 1 
I I . ._ . . . . . I 

. _. . 
LI I 11 I NAl NAl II I II I NAl --.--.. -..--...-..-- . . 

Chloroform U U NAI NA U U NA NA 
l,l,l-TCA U U NAI NA 3.9 9.7 6.8 85% 

C FC-11 3rd’ I U U NAI NAI 5.6 1 8.6 1 
HCFC-123’-’ I 1.51 1 1.51 1 1.511 O%j 5.6 ul 8.6 I 

7.1 1 42%j 

NA] NAll 

RPD is defined as [Iprimary-duplicatel/ ‘/2(primary+duplicate)] x 100. 
(a) Primary sample collected using a peristaltic pump. 
(b) Duplicate sample collected in a bailer. 
(c) Duplicate sample collected using a dedicated in-hole pump. 
(d) Tentatively identified compound. 
NA: Not available. 
U: The compound was analyzed but not detected at or above the specified reporting limit. 

.- 

._ 

- 

- 



Table F-ld. June 1996 Lab Recovery 

WIG1 ww-4c II 

MS MSD MS MSD 

Compound (N$) (P@J) RPD (ccgn) hi&) RPD 

DBFM 113 103 9% 109 92 17% 

1,2-DCA 98 95 3% 118 99 18% 

Tol-d8 89 88 1% 93 94 1% 

II 4-BFB 86 I 85 
-- I 1% 98 -- 95 -- 3% _ .- 

WW-7D WW-8B 
MS MSD MS MSD 

Compound (&I-J (P@) RPD (Cl&Y-U (cc!&) RPD 

DBFM 97 91 6% 94 92 2% 

1,2-DCA 87 75 15% 92 90 2% 

Tol-d8 85 84 1% 104 105 1% 

4-BFB 80 75 6% 94 91 3% 

ww-12 WW-13B 
MS 1 MSD 1 MS 1 MSD 1 

Compound @%L) (N&) RPD (Pgn) wU RPD 

DBFM 96 99 3% 65 65 0% 

1,2-DCA 86 84 2% 98 100 2% 

Tol-d8 89 90 1% 98 99 1% 
4-BFB 81 81 0% 92 96 4% 

I - I -~ 
-- 

WW-16D 
MS MSD 

Compound (cl&) (cl&) RPD 

DBFM 96 91 5% 
1,2-DCA 97 100 3% 
Tol-d8 94 93 1% 
4-BFB 95 89 7% 

RPD is defined as [/MS-MSDIl M(MS+MSD)] x 100. 
QC limits for RPD are f 25% and recoveries are within limits. 
DBFM: Dibromofluoromethane. 
1,2-DCA: 1,2-DCA-d4. 
Tol-d8: Toluene-d8. 
4-BFB: 4-Bromofluorobenzene. 

- II 



F-le. June 1996 Method Blanks 

U: The compound was analyzed but not detected at or 
above the specified reporting limit. 

- 



Table F-2a. Results of September 1996 Sampling at Moffett Field: 
Trip Blanks (j@L) 

1 ,l ,l -Trichloroethane U U U U 

Methylene Chloride U U U U 

Vinyl Chloride U U U U 

Carbon Tetrachloride U U U U 

Chloroform U U U U 

HCFC-123 U U U U 

CFC-113 LJ U u u 

Benzene u U u U 

Toluene U U U U 

Ethylbenzene U U U U 

Xylene (Total) U U U U 

U: The compound was analyzed but not detected at or above the reporting limit. 



Table F-2b. Results of September 1996 Sampling at Moffett Field: 

Equipment Rinsate Blanks (~gLL) 

(a) Equipment Blank after WW-18C. 
(b) Equipment Blank after WW-7D. 
(c) Equipment Blank after WW-5. 
(d) Equipment Blank after WW-3. 

(e) Equipment Blank after WW-8D. 
(f) Equipment Blank after WW-17D. 
U: The compound was analyzed but not detected at or above the specified reporting limit. 



Table F-2c. Results of September 1996 Field Precision (mg/L) 

Carbon Tetrachloride II U u u u NA 1 NA 11 

Chloroform 1 u 1 u 1 NA 1 NA 1 u 1 u 1 NA 1 NA 

HCFC-123 1 26N.J 1 NA 1 NA [ NA 1 NA NA NA NA 

CFC-113 I 40 I 39 I 39.5 I 3% I 30 29 29.5 3% 

Ber uene I u I 3 1 NA 1 NA 1 U 2J NA NA 
Toluene I u I u I NA I NA I u U NA NA 

Ethvlbenzene I II I II 1 NA 1 NA 1 II II NA MA 

llXvlene (Total\ I II I 7J 1 NA I NA 

Compound 
l-l-DCA 

P-DCA 

:E 

:E 

ww-9c 

Primary I Duplicate I Mean I RPD 
R I 7 I 75 I I~% 

u 1 u 1 NA 1 NA 

WW-SC 
Primary Duplicate Mean RPD 

27 23 25 16% 

U U NA NA U U NA NA 

U U NA NA U 

U U NA NA 

U U NA NA 
1J U NA 

U - 

I! 

U 

U 

.4 J 

NA 
NA 
NA 

NA 
NA 
NA 
NA u 1 2 1 NA 1 NA 

Carbon Tetrachloride u u 1 NA 1 NA 1 u u 1 NA 1 NA 

Chloroform 1 u 1 u 1 NA 1 

‘C-l 13 u I u I NA I 
mzene I u I u 1 NA 1 

1 -DCA 24 22 23 9% 1 1 J 1 J 1 

P-DCA I u I u 1 NA 1 NA 1 u 1 u 1 NA 1 NA 

111 ,I-DCE I 2 I 2 I 2 I 0% I 2 
-171.5 L 

:E u I u I NA I 

:E I u I u 1 NA 1 

2 2 0% 

24% 10 9 9.5 11% 
NA U U NA NA 
NA B 6 6 0% 

NA 1 u 1 u 1 NA 1 <A 

NA 1 u 1 u 1 NA 1 NA 

U NA 
NA 

U 

U 

I 2 I 2 2 0% 1 0.4 J 1 0.4 J 1 0.4 1 0% 
I u I u 1 NA 1 NA 1 u U NA NA 

u I u 1 NA I NA U U NA NA 

54 IN.J I NA I NA I F ’ JA 5N.J NA NA NA 

u I u I NA I NA U U NA NA 
1 0.3 J 1 u 1 NA 1 NA 1 0.4 J 1 0.4 J 1 0.4 1 0% 

Chloroform 

HCFC-123 

CFC-113 

Benzene 

U U NA NA U U NA NA 

U U NA NA U U NA NA 

U U NA NA U U NA NA 

1 is defined as ~lprimary~uplicatel/ 1/2fprimaw+du~licate)l x 100. -.. 
NA: Not available. Calculation could not de performed due to insufficient data. 
E: The amount reported exceeded the linear range of instrument calibration. 

J: The compound was detected at an amount below the specified reporting limit. 
Consequently, the amount should be considered an estimated value. 

U: The compound was analyzed but not detected at or above the specified reporting limit. 



Table F-3a. Results of January 1997 Sampling at Moffett Field: 

Trip Blanks @g/L) 

P:\Staff\Sass\MoffettWanSNanSTTable.xls 



Table F-3b. Results of January 1997 Sampling at Moffett Field: 

Equipment Rinsate Blanks @g/L) 

(a) Equipment Blank after WW-18C. 
(b) Equipment Blank after WW-7D. 
(c) Equipment Blank after WW-5. 
(d) Equipment Blank after WW-3. 
(e) Equipment Blank after WW-8D. 
U: The compound was analyzed but not detected at or above the specified reporting limit. 



Table F-3c. Results of January 1997 Field Precision @g/L) 
-- 

RPD is defined as [Iprimary-duplicatel/ %(primary+duplicate)] x 100. 
NA: Not available. Calculation could not be performed due to insufficient data. 
J: The compound was detected at an amount below the specified reporting limit. 
U: The compound was analyzed but not detected at or above the specified reporting limit. 

- 

- 

- 



Table F-4a. Results of April 1997 Sampling at Moffett Field: 
Trip Blanks Q&L) 

U: The compound was analyzed but not detected at or above the specified reporting limit. 
B: The compound was detected in the associated method blank. 

P:\SlalnSBSS\Mo~et~9~pr97Table XI3 



Table F-4b. Results of April 1997 Sampling at Moffett Field: 

Equipment Rinsate Blanks @g/L) 

(a) Equipment Blank after WW-5. 
(b) Equipment Blank after WW-18C. 
(c) Equipment Blank after WW-2. 
(d) Equipment Blank after WW-17C. 
(e) Equipment Blank after WW-1 C. 
(f) Equipment Blank after WW-8C. 
(g) Equipment Blank after WW-13D. 
(h) Equipment Blank after WIG8. 
NA: Not available. 
B: The compound was detected in the associated method blank. 
J: The compound was detected at an amount below the specified reporting limit. 
U: The compound was analyzed but not detected at or above the specified reporting limit. 

- 

- 



Table F-4c. Results of April 1997 Field Precision @g/L) 

WW3C ww-2 
Compound ww3c __ _ ____ WW-99-11 Mean 1 RpD WW-2 WW-99-2 Mean , 1 RPD 

1 ,l-DCA 8 8 8 0% 25 U NA 1 -I NA 
1,2-DCA U U NA NA 35 

NA NA -- u 
u NA 1 NA I 

1 ,I-DCE u U 33 J NA NA 
cis-1,2-DCE U 0.6 NA NA U 270 NA NA 
Warts-1 .P-DCE U U NA NA NA NA 

II 7-I-CA I u 1 NA NA NA 
. . _ 

NA 11 . _ 

NA 1 ul u I NA NA 
I NA I a7 I NA NA 

inyl Chloride I ul u 1 NA NA U U NA NA 
arbon Tetrachloride 3 I u 1 NA NA 6 U NA NA 

NA U U NA 

NA I NA 1 ul u 1 NA NA 

,PDCE I ul u I NA NA ul u I NA NA 
a I NA NA 1 I NA NA 

Chloroform 
CFC-113 

I ul u I NA NA ul u I NA NA 
u] u 1 NA 1 NA 1 Ul u 1 NA 1 NA 

111,2-DCA 1 21J] U 

WIG-8 
Compound WIG8 I WW-99-71 Mean 1 RI 

l,l-DCA 1 19J 1 23~ 1 21 ] 19% 
I 

l,l-DCE I ul 23J] NAI 
ci NA I 

tf6Vl.S-1, 

PCE 

NP 

11 

RPD is defined as ftPrimary4uPlicate]/ %(I 
NA: Not available. 

-.. 
Calculation could not 

.primary+duplicate)] x 100. 
be performed due to insufficient data. 

B: The compound was detected in 
the associated method blank. 

J: The compound was detected at 
an amount below the specified 

U: The compound was analyzed but 
not detected at or above 
the specified reporting limits. 



- 

d 

- - 



Table F-5b. Results of October 1997 Sampling at Moffett Field: 
Equipment Rinsate Blanks @g/L) 

(b) Equipment Rinsate after WIG1 0. 
(c) Equipment Rinsate after WW-18C. 
(d) Equipment Rinsate after WW-13D. 
(e) Equipment Rinsate after WW8D. 
U: The compound was analyzed but not detected at or above the specified reporting limit. 



- 

Table F-k. Results of October 1997 Sampling Field Precision (/.@L) 

ww-1oc ww-13c 
Compound WW-1OC 1 WW-99-11 Mean 1 RPD WW-13C 1 WW-99-21 Mean I RPD 

1 .l -DCA 0.7 I 0.8 1 0.75 1 13% 6 1 ul NA I NA 
1 ;P-DCA U U NA NA 3 U NA NA 
1 ,l -DCE U U NA NA U U NA NA 

. .--^- - --_. 
1 2 l.!i 67% II as-1 ,z-uc;t I 1 I 2 I 1.5 I 67% 1 

+mmr I I I I I hIA I hlA I 
I 

- .- _. ._ 

,,,,a,,3- I “I “I ul u] NA 1 NA 11 

nyl Chloride Ul ul NA 1 NA 1 

Methylene Chloride 1 ul u 1 NA 1 NA 1 ul u 1 NA 1 NA - 

S-1,2-uC;t 0.6 I 0.8 I 0.7 
I I hlA 

IlVinyl Chloride ul u 1 NA 1 NA 1 ul u 1 NA 1 NA 

S-1,2-uC;t 56 44 51 : 
WJS-1 ,2-DCE U U NA 

I I hIA 

nyl Chloride 

- 

- 

- 

- 

- 

RPD is defined as [Jprimary-duplicatel/ Y!z(primary+duplicate)] x 100. 
NA: Not available. Calculation could not be performed due to insufficient data. 
U: The compound was analyzed but not detected at or above the specified reporting limit. 
D: The compound was detected in an analysis performed at a secondary dilution. 



Table F-5d. October 1997 Lab Precision 

ww-3 WW-1D 
MS MSD MS MSD 

Compound (P%L) (ctf&) % RPD (Pi!&) (Ire) % RPD 

Taruet Chlorinated So/vents 

PCE 9.350 8.303 12% 10.296 10.481 2% 
TCE 10.932 12.062 10% 10.003 10.403 4% 
cis -1,2-DCE 77.434 116.930 41%* 10.200 10.053 1% 
Vinvl Chloride 8.509 9.478 11% 8.875 9.664 9% 

Other Chlorinated Solvents 
1 ,l -DCA ’ 0n7’q’ , C”., IL, 31.9011 43%’ 1 12.9161 12.7811 1% 
1.2-DCA 1 8.4511 10.0071 17% 1 8.7761 8.9261 2% 

111,3-Dichlorobenzene 
11,2-Dichlorobenzene 1 9.5261 9.6141 1% 1 9.604 9.656 1% 

10.512 10.428 1% 
1 ,CDichlorobenzene 1 9.9341 9.8041 1% 1 9.968 10.164 2% 
1 .l-DCE 1 10.5581 10.6971 1% 1 10.161 10.380 2% 

1 -9.9381 10.2371 3% 1 

II &s-l ,PDCE 1 8.8451 11.3781 
1,2-Dichloropropan& 9.139 10.003 
cis-1,3-Dichloropropene 8.800 8.292 
tfans-1.3-DichloroDroDene 8.618 8.226 I 1 1 ,1,2,2-Tetrachloroethane ,l ,l -Trichloroethane I 1 8.9831 9.1421 12.0171 9.4301 

3n Tetrachloride 

27 - 

wane 
#ane 

,oform 

/./lYI 

8.9301 IL..xJ,, 
9. 

II Bromodichloromethane 1 8.E 

rrichlorofluoromethane 7.4191 5.(,__, _.._ . _.___ _.--. .-.- 
Organic Analytes 

I 11 57Rl 71 f%nl 61x* I Al571 Lt7n7l 17% II 

:anone 

/inyl Acetate 
Ilm,p -Xylene 

1 5.02 
1 18.8701 

o-Xylene . - 
Xylenes 1 28.~~~1 ~~1041 two 1 34.~4~1 ~4.4441 1% JI 

RPD is defined as [IMS-MSDI/ G(MS+MSD)] x 100. 
* Values outside of QC limits (* 25%). 



Table F-5e. October 1997 MS and MSD Recovery Rate (%) 

Vinyl Chloride 0.00 1 10.00 1 8.51 1 9.48 1 85% 95% 0.00 t 10.00 1 8.88 1 9.66 1 89% 1 97% 
Other ChlorinatedSolvents 
1 .l -DCA I 11.93 I 10.00 I 20.71 I 31.90 I 88% I 200%* I 3.17 I 10.00 I 12.92 I 12.78 I 97% I 96% 

Carbon Tetrachloride 0.00 10.00 9.10 8.99 91% 90% 0.00 10.00 11.58 12.37 116% 124% 
Chlorobenzene 0.00 10.00 9.24 10.59 92% 106% 0.00 10.00 10.78 10.69 108% 107% 
Chloromethane 0.00 10.00 7.72 9.78 77% 98% 0.00 10.00 7.33 7.80 73%* 78% 
Chloroethane 0.52 10.00 8.93 12.37 84% 119% 0.00 10.00 9.88 10.51 99% 105% 

Other Organic Analytes 
Acetone 1 0.00 1 10.00 1 11.53 1 21.67 1 115% 1 217%* 1 0.00 1 10.00 1 4.15 1 4.70 1 42%* 1 47%* 
Bromomethane 1 0.00 1 10.00 1 6.88 1 10.09 1 69% 1 101% 1 0.00 1 10.00 1 7.99 1 8.31 1 80% 1 83% 

I I I I I I I I I I 1 





- 

Table F-5f. October 1997 Method Blanks (Or,) 

I Limit 

cis -1,2-DCE U 0.5 
Vinyl Chloride U 0.5 

IlOtber Chlorinated Solvents 

II 1 ,l-DCA I u 1 0.5 
1.2-DCA u I 0.5 
1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1.4-Dichlorobenzene 

U 0.5 
U 0.5 
U 0.5 

II 1 ,l -DCE I ul 0.5 
trans-1.2-DCE u I 0.5 

2-Butanone 
Carbon Disulfide 
Chloromethane 

II Chlorobenzene 
1.2-Dichloroorooane 

U 2 
U 2 
U 0.5 

I u 1 0.5 
u I 0.5 

cis-1,3-Dichloropropene 
trans-1,3-Dichloropropene 
Ethylbenzene 

U 0.5 
U 0.5 
U 0.5 

II 2-Hexanone I Ul 2 

4-Methvl-2-oentanone Ul 2 

U: The analyte was not detected at or above the 
reporting limit. 

- 

- 

- 

- 

- 



Appendix G 
Cost Issues 

This section contains supplementary cost data used to project the cost of a full-scale permeable 
reactive barrier at Moffett Field. In this scenario, the full-scale permeable barrier would be 
constructed in two sections: the Site 9 wall would be 600 ft in length and the northern wall would 
be 1,100 fi in length. 

Table G-l lists cost elements used in the calculation according to EPA Work Breakdown 
Structure (WBS) number. Individual cost items were developed by NFESC based on prelimi- 
nary projections prepared by site representatives (Tetra Tech). 

Table G-2 contains present value cost comparison data for a full-scale permeable reactive barrier 
and pump-and-treat system at Moffett Field. A real rate of return of 8% was assumed in the 
calculation. 

Table G-3 contains actual value cost comparison data for a full-scale permeable reactive barrier 
and pump-and-treat system at Moffett Field. 

Figures G-l through G-4 are sand channel maps for four discrete depths in the A aquifer. 

G-l 



Table G-l. Projected Cost of A Full-Scale Barrier at Moffett Field 

1133.01.04.01 IOffice trailer month 31 $4401 %1,32011 
- 

c. Iron prep and placement 

d. Iron/slurry transition 

Receiving and Handling Iron 

Funnel walls installation 

ea 

ton 

3,540 $10 $35,400 

24 $30,000 $720,000 

2,518 $9 $22,360 

$1,237,584 I 

33.18.03.01 Load/haul soils to on-site soil pile yd3 3,918 $3 $9,872 

33.18.03.02 F’umping water into holding tank day 18 $361 $6,498 

33.19 Off-Site Spoils Disposal (Commercial) $387,989 

33.19.02 Transportation to disposal facility $66,581 

:33.19.02.01 Load/haul/unloadremoved asphalt 

33.19.03.01 Lantilling fees for removed asphalt 

33.20 Site Demobilization and Post-Construction Reports 

33.20.06.05 Site cleanup 
73 31 n1 R~mnvnl of Tmnnnmrv Fnrilitim 

yd3 

yd3 

hr 

6,534 $10 $66,581 

6,534 $39 $254,826 

$122,053 

320 $19 $6,032 

MI.021 

- 



Table G-l. Projected Cost of A Full-Scale Barrier at Moffett Field (Continued) 

WBS#’ Cost Elements Unit Quantity Unit Cost Total Cost 

33.19.02.01 Load/haul/unload removed asphalt yd3 6,534 $10 $66,581 

33.19.03.01 Landfilline fees for removed as&ah vd3 6.534 $39 %2.54.826& 

33.20 Site Demobilization and Post-Construction Reports 

33.20.06.05 Site cleanup 

33.21.01 Removal of Temuorarv Facilities 

$122,053 

hr 320 $19 $6,032 

s1.021 

II 33.21.01.01 IOffice trailer 

33.21.01.10 IToilets 

ea 

ea 

31 $4401 $1,320 

51 $571 $287 

33.21.01.11 Barricades 

33.21.02.02 Removal of temporary utilities - Power connection 

33.21.02.03 Removal of temporary utilities - Telephone connection 

33.21 Post Construction Submittals 

33.21.06 Final OAIOC reuort 

lf 9,216 $8 $77,414 

ea 1 $1,000 $1,000 

ea 1 $1,000 $1,000 

$35,000 

1sUm 1 %15.000 %15.000A 

I I Total estimated capital costs] I I 

Operating and Maintenance Costs 

IOwratinz Cost Incurred Everv Year 

lhlaintenance Cost Incurred in Each of Years 10,20, and 30 

I I I I $72.278 

I I I $267,538 



Table G-2. Present Value Comparison of Pump-and-Treat and Permeable Reactive Barrier Alternatives 

Dllcount 
Factor PV(P&T) - PV(PRB) - 

Year 

0 

1 

2 
3 

4 

5 

6 

7 

8(a) 

9 

(8% APR) P&T Cost PV(P&T) Cumulative PRB Cost PV(PRB) Cumulative 
l.OOOl $1,412,086 $1,412,086 $1,412,0861 !$4,910,943 $4,910,943 $4,910,943 II 
0.926 $694,746 

0.857 $694,746 

0.794 $694,746 

0.735 $694,746 

0.681 $694,746 

0.630 $694,746 

0.583 $694,746 

0.540 $694,746 

0.500 $694,746 

$643,283 $2,055,369 

$595,633 $2,65 1,002 

$551,512 $3,202,514 

$510,659 $3,713,173 

$472,832 $4,186,005 

$437,808 $4,623,813 

$405,378 $5,029,191 

$375,350 $5,404$40 

$347,546 $5,752,086 

$72,278 $66,924 $4,977,867 

$72,278 $61,967 $5,039,834 

$72,278 $57,377 $5,097,210 

$72,278 $53,126 $5,150,337 

$72,278 $49,191 $5,199,528 

$72,278 $45,547 $5,245,075 

$72,278 $42,174 $5,287,249 

$72,278 $39,050 !$5,326,299 

$72,278 $36,157 $5,362,456 

10 0.4631 $694,746 $321,802 $6,073,8881 $339,816 $157,401 $5,519,856 

11 0.429 1 $694,746 $297,965 $6,371,8531 $72,278 $30,999 $5,550,855 

12 0.397 $694,746 

13 0.368 $694,746 

14 0.340 $694,746 

15 0.315 $694,746 

16 0.292 $694,746 

17 0.270 $694,746 

18 0.250 $694,746 

19 0.232 $694,746 

$275,893 $6,647,746 

$255,457 $6,903,203 

$236,534 $7,139,737 

$219,013 $7,358,750 

$202,790 $7,561,539 

$187,768 $7,749,308 

$173,860 $7,923,167 

$160,981 $8,084,148 

$72,278 $28,703 $5,579,558 

$72,278 $26,576 $5,606,134 

$72,278 $24,608 $5,630,742 

$72,278 $22,785 $5,653,527 

$72,278 $21,097 $5,674,624 

$72,278 $19,534 $5,694,159 

$72,278 $18,087 $5,712,246 

$72,278 $16,748 $5,728,994 

20 0.215 1 $694,746 $149,057 $8,233,2051 $339,816 $72,907 $5,801,901 

21 0.1991 $694,746 $138,015 $8,371,2201 $72,278 $14,358 $5,816,259 

22 0.184 $694,746 $127,792 

23 0.170 $694,746 $118,326 

24 0.158 $694,746 $109,561 

25 0.146 $694,746 $101,445 

26 0.135 $694,746 $93,931 

27 0.125 $694,746 $86,973 

28 0.116 $694,746 $80,531 

29 0.107 $694,746 $74,565 

$8,499,012 

$8,617,338 

$8,726,899 

$8,828,344 

$8,922,275 

$9,009,248 

$9,089,779 

$9,164,344 

$72,278 $13,295 $5,829,554 

$72,278 $12,310 $5,841,864 

$72,278 $11,398 $5,853,262 

$72,278 $10,554 $5,863,816 

$72,278 $9,772 $5,873,588 

$72,278 $9,048 $5,882,636 

$72,278 $8,378 $5,891,015 

$72,278 $7,757 $5,898,772 

30 0.099 1 $694,746 $69,042 $9,233,3861 $339,816 $33,770 $5.932.542 

31 0.0921 $694.746 $63,928 $9,297,314) $72,278 $6,651 $5,939,193 

32 0.085 $694,746 

33 0.079 $694,746 

34 0.073 $694,746 

35 0.068 $694,746 

36 0.063 $694,746 

37 0.058 $694,746 

38 0.054 $694,746 

39 0.050 $694.746 

$59,192 $9,356,506 

$54,808 $9,411,314 

$50,748 $9,462,062 

$46,989 $9,509,051 

$43,508 $9,552,559 

$40,285 $9.592.844 

$37,301 $9,630,145 

$34.538 $9,664,684 

$72,278 $6,158 $5,945,351 

$72,278 $5,702 $5,951,053 

$72,278 $5,280 $5,956,332 

$72,278 $4,888 $5,961,221 

$72,278 $4,526 $5,965,747 

$72,278 $4,191 $5,969,938 

$72,278 $3,881 $5,973,819 

$72,278 $3,593 $5,977,412 

(a) At year 8, the estimated costs for the P&T and PRB alternatives are approximately equivalent. 

- 



Table G-3. Actual Value Comparison of Pump-and-Treat and 
Permeable Reactive Barrier Alternatives 

Years of Actual Cost for Actual Cost for 

Operation PRB P&T 

- _ -,- . . , _ . 
7 !$ 5,416,882 

, 8 !% Fi.AFK.167 1 ii -‘-- -‘--- 6 Q7C-l MA 

II 
I 

91; 
I 7. 

,:;,;:ii; I $ 

-,-- v,..- . 

7.664.800 

It-et ~_ $ 7;469;803 $ 26;864& 

29 $ 7,542,081 $ 21559,720 

30’D’ $ 7.881.897 $ 22.254.466 

Years of Actual Cost for Actual Cost for 

ODeration PRB P&T I 1 31 33 $ .9: 7,954,175 $ 22,949,212 

361 $ I J,J”.J 

371 $ 8.387.843 1 $ 27.117.688 iI 

- -.- --I-- 

9,522,717 i 35,454,640 

50”’ $ 9,862,533 $ 36,149,386 

(a) At year 6, the estimated costs for the P&T 

and PRB alternatives are approximately equivalent. 

(b) Barrier maintenance cost of $267,538 added 

every 10 years. 



lUV60 60 oWr6 Aa 33W366V 

666 I33,6,0,6 - -WAY306 W36 



SKAY COWLEX aPosRS 
OEPTN *lENYu I IS TO Es FEET SDS 

(CLAYEY mNDs. TnN sA*Ds AN0 oNAvE1$) 
MEL DEPOSNS 

ELWO 

(nxat SANOS AND ONAUUS) . 

MSENOE W SAND ON SNAWL !k%kl3 Mt DASNCD lNlC= NWEMED. 
WWlCDfNON~lSN 

Figure G2. Sand Channel Map (Depth 15 to 28 ft bgs) at Moffett Field (Source: NFESC, 1995) 
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Figure G-3. Sand Channel Map (Depth 29 to 41 ft bgs) at Moffett Field (Source: NFESC, 1995) 
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Figure G-4. Sand Channel Map (Depth 38 to 51 ft bgs) at Moffett Field (Source: NFESC, 1995) 
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